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ABSTRACT 



This document is an ihstructional mod 
prepared in objective form for use by an instructor f 
operation and maintenance of a chem'ical precipitation 
system. Included are obje.ctives^ instructor guides^ s 
and transparency masters. This is the third level of 
series. This module considers the application of proc 
laboratory data fbr optimal process control, troubles 
and design problems and sludge handling and disposal 
(Author/RH) • 



ule package 
amiliar with the 

softening 
tudent handouts 
a three module 
efes theory and 
hooting process 
alternatives. 



* Repro'ductions supplied by EDRS are the Ipest th^t caii- be made * 

* from^^iii^ original document.' , , * 



ERLC 




U $ OEPARTMENTOF HEALTH. 
EDUCATION 4 WELFARE 
NATIONAL INSTITUTE OF 
EDUCATION ' 

> 

THIS DOCUMENT HAS BEEN REPRO- 
DUCEO EXACTLY AS RECEIVED FROM 
THE PERSON OR ORGANIZATION ORIGIM- 
ATINGTIT POINTS OF VIEW OR dPiNIONS 
STATED OO N0T*NEC€SSARILY REPRE- 
SENT OFFICIAL NATIONAL INSTITUTE OF 
EOUCAT'ON POSITION OR POLICY ^ 



ADVANCED CHEMICAL PRECIPITATION SOFTENING ' 
• training Module .kJl 



"PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 

flary Jo Bruett 



TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) AND 
tJSERS OF THE ERIC SYSTEM " 



, , Prepared for the 

Iowa. Department of ^Environmental- Quality 
Wallace State Office Building 
* Des Moinefe, Iowa 50319 



by 



J 



Dr. L. D. McMullen 
Design Engineer 
Des Moines Water Works 
Eies Moines, Iowa 50309 




The publication of these training materials was f^lnancfially 
aided thorough *a contract be^'ti^een the Iowa Depai;t^n£^ .of 
Environmental Quality arid the Office ol Planpllig. and Pro 
m;Lng, using fund^ available 'under the Compreshensive Em^^ymdnt 
and Training Act of 1973. .However^ .tha ^J>lnioti^( 
herein do, not necessarily reflect -the po6iti9n^ or 
the U. S. Department of Labor ^ and no pff ici'al , 
the U; S. Department of Labor should be ^.nfer 



.icy of 



September, 1977 



J./ 'INStRUCTOR fiUitfE 



TABLE OF CONTENTS 

• . ' » Page 



♦ ^ 



Abstract, ^ ' V' 1 

Summary , ' \* ^ ! ' - ' 2*3 

. ' • Introduction' * ^ ^ ^ ^4-5 

* Theory of Chemical .Precipftati on Softening ^ 6t8 

. - Interpretation'' and Application of Laboratory Data 9-10 

✓ , Sludge Dispersal ^ ^' ' ' , v 11-12 

Special Applications - ' 13-14 

Evaluatixjn ' ' . • 15 ' 

' J'lr TRANSPARENCIES . ' • \ x 

' . Transparency* #1 - Two Stage Softening 
\ Transparency #2 - Split- Treatment Softening 

^ Transparency #3^- Single Stage, Spftenin^ 
Transparency #4 - LaBWrato/y Control 
Trah'sparency #5 - Equilibn urn". Equation 
Transparency #6 -Solubility Prbduct 
Transparency #7 - Carbon Dioxide System 
\ . Transparency '#8' - Lime Analysis * , ' , 

Transparency #9 - Soda Ash Analysis ' 
: .Titans pa rency #10- OptimaTOperation ' 

Transparency #11- Softening Sludge .Characteristics ' ' 
Transparency #12- Solids Disposal ^ • " 

. Trans par en-cy. #13- Hot Lime Sdftenirfg . ^ ' 

III. CLASS PROBLEI^IS 

Problem #1 ' * ' ^ ' ' / 

. IV. CLASS HANDOUT'' " ' 



V. EXAMINATIOI^ 



N 

r 



) 



INSTRUCTOR. GUIDE . " 
for 

Training Module -I I4AGWS 



\ 



ERIC 




Page 2 ' t)f 



\ 



Module No: 



M4AGWS 



Approx. Time: 



12 hours 



Module Title: ^ _ 
Advanced ^Chemical Precipi taction Softening 



Submodule Title: . 



Topic: 
Summarfy V 



Obj^ctive^: Upon -completion Vof this module, ±he participant will be 
1. Des,cribe the theory of .chemical precipitation softening.. • 

Determine the optimal operation of a chemical precipitation so 
3. Describe kludge disposal- aUernatives, 



abl^ to: 
tenen^ 



Instructional Aids: 

1 . Handout 

2. Transparencies #1-#I3 



Instructional Approach: 
Discussion and Class Problems 



References ; 



I- Manual of Water'Utility Opeifations , Texas Water Utility Assoc. 

2. Water Supply & Treatment . National Irimp Association.* 

3. Mathematical Approach to'^Iqliic Equilibrium . Butler. 



Class Assignments: • 



1. The -participant will read Handout. 
h2. The participant will complete Problems' #1. 



5. 
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"lodule No: 
II4AGWS 



Topic: 
Summary 



Instructor^Note^: 



Instructor Outline: 



1. Distribute Handout 

2. Prjesent Transparencies 



4 



1, Discuss the theary, optimal operation and 
^ sludge^'d'Tsposal alternatives'' for chemical 

precipitation softening,. 

2, Give evaluation of 30 questions. 



f 

i ' # 0 
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ERJC; 



Module No: / 

^ * • 

II4AGWS / ^ 


Modulejitlal ; . . • 

nuvaii^-cu uiiciiiiuai r r 1 p 1 ud u 1 On OOTLGniny 


Submodti/e Titl^J ' . 


Approx. Tirme:^'- 

c 

l.hour.. ^ 


Topic: ^ ^ ^ 

Intr^QiductioiT ^, - — ' • - . 



Objectives: upon completion of this topic, tfje participan^t will be able to: 
1. Describe chemical, fjrecipi tatioh' softener operation/ 
'2. Describe chemicarivprecipfta'tion softener ^naintenance, " y 
3.. Describe chemical precipitation softener analytical control. 



Instructional Aids; . • • . ' ; 

1. Handout-Introduction -• ] * 

2. .Transparency |1 - Two Stage Softening 

3. Trans pa rencf*|2 Split Treatment .Softening 

4. Transparency #3 --Single Stage Softening ' 

5. Transparency #4 - Laboratory Control 



Instructional Approach; 



Discussion 



References 



1' Manual of Water Utility Operations , Texas Water JUti I'ity Association. 
, 2. Water Supply & Treatment , National Lime Association. 



4 • • 



Class Assignments: • . ' • « - 

]'.^ The participant will read Handout-Iptroduction^ 




"ansparency 



2. Presefit^ Transparency #2 

3. Present Transparency #3 ^ 
4; , Present Transparency #4 



Revfew the operation of a two stage 
softening pi ant. ^ " 

2; Review the operation of a sjjiit treatment 
softening plant: ^ . ^ 

3. Reyiew- the operation of a single stage 
*^ softening'plant. ^ 

4. Review the laboratory control necessary ^ 
>for the operation of a chemical precipi- 
tation* softening pUnt. 
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II4GWS 



Ady.^f)qed 'Chemical Precipitati on Softenjng 
^ <.^<iy^. ; ] ~ I — * — ^ — r- 



Approx^ Time: 
3 hours^' 



e ■ Ti tl e 



Topic; 

Theory of Chemical Precipitation Softening 



Objectives .-Upon completion, oV thi^ topic, the participant will be able to: 

1. Describe the theory of che»|ii?al pV-ecipitatio.nr softening. 

2. _ Apply the theoryof chemica\l precip-itation softening. 

3. ' Describe the theory of rec^Abonation.. " ' . * ' 

4. Apply the theory of i^ecarbonkion' to process operation- ' 



Instructional Aids: 

Handout -Theory of Chemical *^Precipitation Softening, 
2. Transparency #5-Eaui 1 ibrium Equation 
3., Transparency #ff-Solubility Product 
4. Transparency #7-Carbon Dioxide System 



Instructi(|)nal Approach; 
Discussioi and class problem' 



References : 

I- Manual of Water Utility. Operatioi^s , T/xas Water Utility Association. 
2.* Water Supply & Treatment . National L/me Association. ' 
3- Mathematical Approac^T to. lonk EoQil /lbrium. Butler. 

■ ~ ~ : ^ — > ' 




0. 1 ass Assignments : - 

1. 'The participant will read Handout-Theory of Chemical Precipitation 
Softening. . • " ^ 

2. . The participant will complete Problem #1 on chemical precipitation. 

9 , 



Page 



of 




of Chemical Precioitation- Softenina 



Instructor Notes; 



Instructor Qutline: 



1. Present Transparency;; #5 



2. Present Transparency #6 



^3. I^resent Transparency §7 



4.^ Present Class Problem^ 
#1 . Work wi th class 
participation. 



Discuss the. equilibr*1um -equation and its 
gieheral applications to' water treatment 
problems. ' ' ' 

Discuss the applyication of. the equilibrium 
equation to the| precipitation of ions in 
water. DiscussMn detail how --the equilibrium 
of a precipitation reaction can.be shifted 
increase or decrease the components of the 
reaction. * • * . ' 

Discuss the application of the equilibrium 
equation to the 'carbon diqx'ide system,.' Dis- 
cuss in detail the various/componen^ of 
the system and how pH^ affects the chemical 
composition of the wa{er. 



1 



Hcp: 



Mgl = 10/I00,0tf0 = 1 X 10 

11 



1.2 X 10 



=^.5 X 10 



-4 



1 X 10 ^ 
pOH = 3.46 

pH = 14 - 3.46 = 10.54 

W ".607S00""^-'^^ ^ ""O"^ moles/liter, 

A [Ca> . 8-7^10-^ .olesit 
6.67 X 10"^ - 

[Ca]= 52 mg/1 as Ca' 

or 



|_CaJ= 13 mg/l .as*CaC0, 



10 




Instructor Notes: 



Topic: . ^ ' 

Theory of Chemical Precipitation Softenincj 



Instructor Outline: 



4. [HCO^l 

. .MC02].= (9.29 X 10-4)(44,000) = 40 mg/l"^, 



/ 
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Module No: ' « 
■ II46WS- - ■' • 


Module Title:^ ' , ^ ' ^ . 
Adlvsnced Chpmir^^l Prprim* t;^tinn ^nffpirinfi 


"* """^ : »— 

Submodure .Title:. 


A"pprox,. Time: 
^ hours * 


Topic: * . ' * ^ * ^ • ^ ' ^ 
•Interpretation and Application of Lab'^Y'atory Data ' . ; 



uDjecti ves . • • 

Upon completion oT this topic, :the participant will be able to: 

1. ^ Interpret laboratory data to check compliance with design standards. * 

2. ' Interpne-t- laboratory tiata to evaluate existing softeners.' , ' 

3. Interpret laboratory data to determiite .optimal operation. * \ 



Instructional- Aids f 

1. Handout - Interp^retation of Laboratory' Data, 
Z.. Transparency #84.ime '^ha-lysis - 
3. Transparency S9-Soda Ash Analysis- 
4., Transparency #10-0ptimal Operation 



Instructional Approach:" 
Discussion . 



References :.' . ' ^ ^ ' 

1. Manual of tiater Utility* Operations > Te^as Water Utility Association 
2. . . Hater^Supply & Jreatment 5 National Lime Association. ' . • ^ 



Class Assignments^ 

1. The^ participant will read Handout-Interpretation of*Labora±qry Data. 



X2 
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'Module NO't 


Topic:' 


V - ' ■ A— . _ 

• 


... 


II4GWS 


Interpretation and Application of Laboratory Data 


> 


instructor Notes. 


^ " * - 

Instrujjtor Outline: 


< 


1. Pres^enf Transparency 18 

• 


1. Discuss the procedure for determining the 
quality of lime. -Discuss this test in 
relatiqn to normal standard^'f or % CaO. 


• — / 


2. Present Transparency #9' 


2. Discuss the procedure for determining 
the quality of Sodji Ash/- Discuss this ^ > 
test in relation to normal standard for 
. % Na2C03. . c ' 


f 

* / 

,1 

/ • 
1 


3, Present Transparency #10 

* 


3. Discuss how laboratory data can provide 
the optimal .operation for ai plant. 

* 
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Ap|5ro)e^^Tinie: 



2 hours 



' ' ' Page il o f ^ 

Module Title: ' ^ 

Advancgd Chemical Precipitation Softening 



Submodule Title: 



Topic: 

SlQdge Disposa] , 



Objectives : Upoh completion- of' this topic, the participant^' : ^ 

'will be able to: • . ' • 

K DiiscrfUe various sludge disposal alternatives, , * 

2. Describe advantages and disadvantages for sludge disposa.1 alternatives:, 
3\ Qescribe basic -ofJecation- of sludge disposal alternatives. 



Instructional Aids: 

1. Handout-Sludge Disposal 

2. transparejicy #11 - Softening Sludge Characteristics 
3^ .Transparency #12 - Solids Disposal , . 



Instructional Approach; 



Discussion 



ileference^: * ^ 

1. Manual, of Water Utility Operations , Texas Water Utility Ass-ociation, 

"2- ' Water Supply & Treatment , National Lime. Association. 

3. Mathematical Approach to Ionic EqliilnbHign , Butjer^ ' - 



Oass Assignments: 

1. The T)articipant wiMl read Handout-Sludge disposal 



• 

* * 


• 
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'•lodule No: 


Topic: 


T " 7 ^— ^ — 

f 


• 


II^Gl'.'S ' 


'Sludge Disposal . \ 


0 


Instructor Notes > 




Instructor Outline: ' \\ 




K, Present Transparency #11 

• 3 


l. Discuss the charact^rfsti'k of chemical 
precipitation softening sl^ge. . Discuss 
.in detail those properties. that make it 
easy and difficult to cje\5/at^ 


« 

> 


2. Present Transparency #12 

1 

1 / 

1 ' 

1 / 


2. D.iscuss each step in tbe^splicb. di5posa^^ 
system. Discuss places wh^re'iach step • 
may be needed and where it maywiot.be 
needed. Give general performance of 
each step and what is tryi»^-9 to 'be 

* accomplished in 'each. ^ ' ^ ^ 1 

' ^ / . 


• 


1 ^ 

1 / 

\ - - 




• ' >4 




• 
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Module No: 



II4GWS 



Approx. Time: 



1 hour 



Module Title:^ • - , 

Advanced ClT^nical Precipitation Soften^' ng 



Submodule fitteV^ 
1^ 



Topic: 



Special Applications 



Objectives^: Upon completion pf. thij top4^ the participant will' be able to: 

1. Descril)e hot lime softening. . \ « ' ' - * 

2. / Describ^. basic- operation of hot lime softening.- • / , \ 




Instructional Aids : 

1 . Handout-Special Applications 

2. .^Transparency 'Il3 - Hot Lime Softening 



Instructional Approach: 
Discussion ^ 



References ; 



1. 
2. 



Manual of Water Utility Operations jTexas Water Utility Association^. 
Water Supply & Treatment ^ National pme Association, 



Class Assignments: 
1. The participant .wil 1 read/Handout-Special Applications, 



16 
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* 

' *-II4GWS . • 


•Topic: :^ ^ • • 

Special Applications ^ ' . ^ 




Instructor J^otes: 




Instructor Outline: . • ' > . - • 




1. -Present Transparfency #13 

; ♦ . * 

* 

' r* " ' ' 

t 


. ^-y'.'- — / 

1. Discuss the equipment used and the operation* 
of a hot lime softening plant. Discuss in 
_ detail the difference; between the hot lime, 
and conven-fionaT lime softener. Relate the 
theory 6f softening to explatn the diffe-' 
rences between the two types of sofl^ning. . 

^ ' ' * ' » ' 

<• 


/' ' ' 
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Module No: 



II4GWS 



Approx. Time: 
1 hour 



Module Title; 



Advanced Chemical Precipftatfon Sftftening' 



Subraodule Title: 



Topic: 
Evaluation* 



Objectives:' ^- ' , 

The participant shdulcj be able to answer correctly 250 of-the 30 questions 
asked 



r 



Instructional Aids:' ^ 

o • * 

None 



Ifistructional Approach:, 



Examination 



References : 
None 



Class Assignments : 
None 
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Module No: 



-II4GWS 



Topic: 



Evaluation . 



Instructor Notes:* 



V 



^i^structor Outline 



1. Distribute^e^am, Each 
participant is to complete 
the exam independentTy 
and with no books or notes 
Collect after 1 hour. 
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Jl'IO STAGE SpFIE'^IHG 
First Stage ^ ■ • ' \ ^ ■ 

a) pH SVIOULD BE ADJUSTED TO" ABOVE U.O WITH LI^E TO-JDBTAIN " 
■ mGNESIUi REMOVAL.. ThIS Pli CAN .BE •'REDUCED. SaCWriAT IF 

^ not total magnesium rekioval is required. . . - . • •• 
.-Second Stage . ' ' ' 

a) pH of the second stage should be ;\pprox-imately iO to . 

- obtain optimum caixium remdyalj - ' ' . ' ^ 

b) If. soda ash is used it should be added just prior to , 

the second -stage to help redxe the ph. . • • - 

C) ReCARBONATION with CARBON DIOXIDE IS USUALLY REQUI^RHD 
. TO LOWER THE PH TO THE OPTIMUM. LEVEL. 

D) ReCARBONATION OF THE FINISHED WATER -I'D APPROXIMATELY 
9.5 IS USUALLY REQUIRED TO PREVENT .SCALE BUILDUP ON. 

THE- FILTERS. . M?" FINAL pH IS DEPENDENT ON THE.-WATER^ . 

CHEMiCAL AND PHYSICAL CHARACTERISTICS AND THEREFORE * .- 
. REQUIRES A CALCULATION OF THE FINAL PH FOR EACH PLANT >» 
'TO ENSURE PROPERLY STABILIZED 'WATER. - - • ' , . . 



« 



^ .SPLIT TREAfiETir S0RBJIN6 



FmsT Stage -' ' " . ' • , 

A) ^ pH -SHOULD 6E ADJUS7H) TO ABOVE U'.O WITH LII^ TO OBTA'IN 
MAGNESIUM REMOVAL. ThIS pH CAN BE REDUCED SQXEV/HAT TO 
OBTAIN 3^^E DESIfp) TOTAL MAGNESIUM RB^IOVAL. • ; ' 

SECOt€) -StAGE^ ' . . ^ " • . ' 

a) pH of -mE SECOhffi STAGE SHOULD BE APPROXIMATELY 10 TO , 
OBTAIN OPTIMUM CALCIUM REf^'OVAL. 

If ,soda ash is used it should be added just prior to '» 

THE SECOND. STAGE TO HELP REDUCE JHE PH." ■ ' " 
C; faENERALLY THE CARBON DIOXIDE -AND BICARBONATE* IN THE. SPLIT 
• FLaV IS ^EQUATE TO LOVER, THE pH IN THE SECOND STAGE TO 
OBTAIN OPTIMUM CALCIUM REMOVAL. ' . ' 

D) IF PH Dte BELOW 10.0 ADD ADDITldNAL LIME TO SEOND STAGE 
TO OBTAIN THE DESIRED CALCIiJtlfiBDUCTION, 

E) ■ ReCARBONATION of the FINISHED- WATER^TO APPROXIMATELY 9.5 . 
,. IS USUALLY REQUIRED TO PREVEhfT SCALE BUILDUP OIn| THE FILTERS. 

IHIS FINAL pH is DEPENDENT ^ON^THg WATER CHEMICAL AND PHYSICAL 
CHARACTERISTICS AND THEREFORE temPES' A CALCULATION OF THE 
• ,. .FINAL PH FOR EACH PLANT TQ PSURE PROPERLY* STAB I LI ZED ^'/|ATER. 



sum STAGE s(mm 



Single- Stage ' A, ' . - ■ 

a) pH should be above 10 TO OBTAIN ACCEPTABLE PERFORMANCE OF 
' THE SOFTENER. If MAGN^IUM REMOVAL' IS DESIRED^ T>1E pH 

should be above ii.o. .|ke optiimum operation^ that operation 
resulting in the least hardness^ will be different for each 
plant^ resulting in sac experimentation to determine wwt 
pH is optimal. • . 

b) All chemical feeds are added" just at toe head of the unit. 

C) ' RECARBOmTION OF THE FINISHEl\'^R TO APPRO:flMATEbY 9.5 

IS usually required to PREVENT/^CAIE buildup on THE FILtERS. . 

This final pH is dependent on-the water^ chemical iand physical 
characteristics and therefore requires a calculation of the 
final ph for each plant to ensure properly stabilizep water. ~ 



. 2^ ' Transparency ^^^^^^ - Wo 



. LABORATORY CO:.TR0L ^ ^ ' 

Physical * 

1. Tbv'erature , ■ . . 
2,. Turbidity . . ' ~ • ^ 
Chemical 

1. Alkalinity ' 

2. TO-TAL^ AND calcium HARD^ESS' , 

3. Total dissolved solids ' 

i\. p\\ \ : \ ■ - - ^ 

5,. Solids concentration (Upn_ow units only) 
6. "Catalyst" analysis C-Spiractor" only) * 
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Equilbrium Expression 



solubplity rproduct - ■ 

. Calcium Carbonate 
; CAa)3(s)F^C/\'^^+C03 = 

!<sp =-8/7 X IT^ 

. f^GNESiuM .Hydroxide ^ ■ \ 
>lG(0H)o;=^.'t'^ + 2(m") . 



(Mg)(0H~)2 = !(sp = 1.2x10'-^ ' 

4 
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11^ MLYSIS 



V 



■Analysis of Lime 

The most widely used test for determining available lime is the 
• Rapid Sugar test, which is, specified by two important national or- 

ganizations. the American Wat'er Works Ass'n. and the American 

Society for Testing and Materials : ' 
AWWA Standard for Quicklime and "Hydrated Lime (B 202-65) 
ASTM Chemical Analysis of Lime (C 25-67) • * 

Jiapid Sugar Test. Dissolve 0.5 gram of-#100 mesh sample of 

Iime.in 170 ml. of a 10 per -cent sugar solution, shake, and let stand / 

for 30 to 60 minutes. Then titrate M-ith 0.1782N HCl solution, using 

phenolphthalein indicator. 1 ihl. of this standard Scia solution is 

equivalent to 1 % available CaO. 

\ The autl^or and other Ohio communities use a modrfication of the 
Rapid Sugar test in which N/10 sulfuric acid is" used in place of HCI. ' 
In this test the burette reading, after titration, multiplied by 2.244 
=per cent CaO. ' 

Complete Chemical Analysis'. The methods of the American Society 
-for Testing and Materials. (C 25) are recommended. 

Staking Rate Test, The slaking rate of quicklime is a measure of its 
reactivity, which is determined ijy a test method included in AWWA 
B202.65 (aaapted.fh)m ASTM CllO) .-The quicklime is slaked in 
vacuum reaction vessel fitted with a mechanical stirrer and therinom-^ 
■Jl'eter. and the temperatjire rise is recorded at^O- and 60-second inter- *^ ' - 
vals.- The results are re&rt^ as temperature rise in 3 minutes, total 
temperature rise, and .totkl active slaking time. 

Specifications for Lime 

-Either quicUime or hydrated lime of high Calcium coStent can be 
used for water treatment. Specifications for quicklime usually call for " 
90 por cent available CaO and for hydrated lime. 68 per cent available 
CaO. Complete specifications for lime for water treatment can be 
found in ASTM C 53 and -AWWA B 202-65. 



. . ■ • • 

Transparency IIA^^IS - /;B 
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SODA, ASH mms; ■ 



Anelysis of Soda Ask 

Dissolve 2 grams of sample in 200 ml. cold, recently boiled dis- 
tilled water, -titrate 50 ml. with N/2. sulfuric acid, using methyl 
orange as indicator. Burette reading multiplied by 5.3 =Lr cent 

specification for Soda Ash 

. The soda ash shall be that known as 58 per cent soda ash. and shall 
contain not less than 98 per cent sodium carbonate. Jhe- material shall 
be m a dry powdered form, shall comajn nQ large lumps or large 
cr>'stals. and shall be free from chips apd other foreign matter 
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OPTimi QPFR^.Tif^! 



[Chemical Dosage- 

'For given quauity of wer , 
a) ;,7\gnesium rb^val 

B) 'toNCARBON/^ HARDNESS 

Split treatment 

a). R)r fii^ished water quality 
: b) For mi-nimum chemical cost 

3. Si i^GLE stage ' 

a) For finished water duality' 

b) Minimum hardness 



'Ioncarbonate hardness 



JPER^TION 



Proper solids concentration 

a) Finished water quality 

b) For best operation 

Turbine or flocculator speed 

B 



,) Proper solids concentration 
)■ Varying water quality 




• t 

/ 



Primarily CaCO^ AND. flG(0H)2^ 

Dry solids are 35-957o CACO3 ' ' 

Settled solids range 2 to 15Z . 
Solids production averages ?,6 lb/lb op li/^ .applied 

CaCO^ DB^JATERS VARY^^BLY^ HOl-EVER^ AS THE ^ 
OF flG(0H)2 ^f^CREASES^ DEWATERING BECOMES MORE 
DIPFICULT. 




SOLIDS DISPaSAL 



Storage prior to processing . -iik^ 

Sedimentation basins ■ 
Separate holding tanks 
Flxculator-clarifier basing . " 

Thickening prior to de^tering 
\ Gravity settling 

Chemical conditioning prior to dbwering 
. PoLY^JER: application • . • • 

i^chanical-dewatering , 

CENTRIfOGATION ' 

. Pressure filtration 
Vacuum filtration 

*AlR DRYING • ^• 

- Shallow lagoons ° ■ . 

Sand drying beds 

Disposal of dewatered solids 

Sai^itary landfill * - 
Barging to sea 

Qhemical recovery ' ' 

RECALCINATION-nF LIME PRECIPITATFS 




ION EXCrtiNGER . or 



TO BOILER 



OlSSdLVER DILUTION 
A _ WATER 



BACKWASH PUMP eOOSTER PUMP 



SLUDGE 

RECtRCUUATION BLOm DOWN 
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Training Module II4AGWS 




CLASS PROBLEM #1 ' 



At a pH of 7, wha*t is Ihe dominant form of allialinity in a natural 
water? What are the percentages the other forms -of alka]inity. 



At what pH win the magnesi-um hardness be below 10 mg/l? 

' - 3 



St 

If the carbonate concentration 'is 40 mg/l, what will the calcium 
concentravtion be? . 

f 



If the bicarbonate concentration is 200 mg/l and the pH fs 7.n, 
what will be the carbon dioxide concentration?' ' - , ^ 




/ 



J 



CLASS HANDOUT/ 
for ' 
Training Module 'IT ^AGWS 
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Herndout forai4A6WS - Advanced Chemical Precipitatioh Softening 

f.. Introduction 

A. Operation of Two Stage Softening P.lant 

B. Operation of' Split Treatment'^ Softening Plant 

C. > Operation of Single Stage Softening Plant ^ 

D. ^ Laboratory Control -for Chemical Softening 'Plant 
II^v^ jRieory of Chemical Precipitation Softening* 

• « A. Equilibrium Equation 

AnBm:^:^^n A*** + m B 

. Equilibrium Expression 

(A)" (Br/(AnBm) = Keq 

B. Solubility Pro^ct 

AnBm;^ n ^ + m B 
to * 

Equilibrium Expression, . 
^ (A)" (Bf/CAnBrnj^gj = Keq ^ . ' 

Solubility^ Product ' 
(A)" {Bf = K^p'. ■ . • 

Calcium Carbonate 
CaCO^(s) Ca"^"^ + CO3" 
Cca:^"*'J fcOg'J = Ksp ='8.7 x 10"^ 

Magnesium Hydroxide 

Mg(0H)2-:=^ Mg"^V+ 2 (OH") 

2 , ' 

[Mg] fOH'J = Ksp = if 2 X 10" ""^ 
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C. .Garbon-Dioxide System; 

+ CO2' —.-^ 2^2^03 "-^ h"^ HCO3" + CO, 



[H'*'J'[HC03"j ^ 



= Kj = 4,47 X 10 



CH-3LCO3!] 
[HCO3-3 



K2 = 4.68 X 10 



■11 



^ 5 



7 

- ^ 8 
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III. Interpretation and Application of Laboratory Data>! 

— A»- Lim^^'Sna lysis / ^ ' - . ^ - 

The most widely^iiSLesLtest for detarmining available li^ is the Rapid / 
Sugar test, which is specifiedby two important national organizations, 
The American Weter Works Ass'n. and the American Society for Testing* 
arid Materiiils: ^ • . - • 

^AWWA Standard for QuickTime and Hydrated Lime (B 202-65) 
ASTM Chemttaj-ftnalysis of Lime (C 25-67) ' . / 

R^id Sugar Test .-^ Dissolve 0.5 grams of -#100 mesh sample of lime in 
170 mT. of a 10 per cent sugar solution, shake, and let stand for 30 to 
• ^ 60 minutes. Then titrate with 0J782N HCT solution, using phenolphthalein 
indicator;_yl ml., of this standard acid Solution is equivalent to 1% 
available CaO. . • 

. ' ' ^ ^ J 

Th^uthor and other Ohio communities use a modification of the Rapid 
Sugar test in. which N/lO^lfuric acid is used in place of HCl. In this 
test the burette reading, after titration, multiplied by 2.244 = per cent 
CaO. ' * . 



Complete (Chemical Analysis' . The methods of • the American^' Society ' ' 
for Testing and Materials (C 25)- are recommended. ' 
" ■ - ' * ' ^ * _ • . 

Slaking- Rate Test . The slaking rate of quicklime is a measure of . 
its reactivity^' which is determined by a test method included in* 
AWWA B202-65 (adapted from ASTM CllO). The quicklime is slaked, In 
ai vacuum reaction vessel fitted with* a mechanical stirrer and ttrehno- 
meter, arid the temperature rise is recorded ai 30- and 60-second inter 
vals. The results are reported as temperature rise in 3, minutes-, 
total temperature rise, and total- active slaking- time. ^ 

, Specif i cations for .Lime' ^ ^ ^ . i 

"Either quicklime or hydrated lime of high c^lci^p content can be[ 
used for w^ter treatment. Specifications for quicklime usually 
call tor 90 per cent available C^O and for hydrated lime, '"68 pe^cerit 
-'available CaO. Complete specifications for lime for watefAtreat-. 
ment can bfi found in ASTM C 53 and AWWA B 202-65.^ ' * 



B. Soda Asji Analysis ' ' , . 




Dissolve 2 grams of sample in 200 ml. cold, recently boiled distilled 
^ water. Titrate 50 ml. with N/2 sulfuric aciU, using methyl orange as"' 
indicator. . Burette reading njultiplied tJy-6.3 = per cent Na2C03. 

Specifications for Soda Ash 

The soda ash sh^ll be that known as 58sper cent. soda ash, and shall 
contaia not less than 98 per cent sodiWi carbonated The material 
shall be in a dry powdered form, shall csntain no large lumps or 
large crystals, and shall be free from chpjs and other foreign matter. 

e. Optimal Operation 

1. Chemical Dosage 
'a. For Given Quality of Water 

b. Split Treatment 

c. Single Stage ^ 

2. Operation 
a. • Proper solids concentration 
b; Turbine or flocculator speed 

Sludge ^Disposal ^ --^ 

A. Storage prior to j)rocessing ' \ 

K Sedimentation basins .^'^^^ 
Separate holding- tanks. \ ' * 
Flocculator-clarifier basins 
Thickening pVior to dewatering* 

Gravity settling 
Chemfcal conditioning prior todewatering 

Polymer application 
Mechanical dewatering 
' ^ Cent rifuget ion 

Pressure filtration 
^ Vacuum- filtration 
Air drying" 

Shallow lagoons 
Sand drying beds 3g 

• 'A 



^ Disposal of dev/atered so/lids 
Sanitary landfill 
Barging to sea 
# Cbteinical recovery 

Recdicination of lime precipitates 
v.. ^Special Applications 
A. Hot Lime 



\ 



.4' 



■Q. 
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" Examination for II4AGWS - Advanced Chemical Precipitation Softening 

1. For the following watel^, what will be the lime and soda dosages to 
s^often the' water using the Caldwell-^awrfence Diagram, Assume a final 
hardness of 50 mg/1 as CaCOo. 

CO2 = 8.8 mg/1 Alk = 115 mg/1 as CaCOs 

Ca++ = 70 mg/1 " pH = 7.4 . C ■ 

Mg"*""*" = 9.7 mg/1 

2. For problem #1 what will be the final water quality? 

3. For prablem #1 what pH should a single stage softener operate'' at. 

4. For problem #1 what will be the final saturation pH. 

- 5. For prblplem #1 what pH should the water go into the distribution system 

at. - . 

k 

4 

6. If lime costs $34.00/ton, soda ash $5.00/100 lb. and carbon dioxide 
$3.25/lb., what will be the cost to treat 1 million gallons*. of water 
in problem #1 . ' ^ ^ 

TRUE OR FALS^E> ^ CIRCLE THE CORRECT ANSWER \ 

T or- F 7. A pH of 10.5 is adequate to precipitate magnesium in 
chemical softening. , ' ^ 

T or F 8. For all water qualities, single stage softening wil} 

iDroduc^e the same quality of water as two stage softening. 

T or F 9. Solubility product is the base for chemical precipitation 
* softening. 

- T . or F 10. Calcium carbonate precipitates whert the solubility product 

for calcium carbonate is violated. 

T or F 11. The advantage of the "Spiractor" is that it produces a sludge ^ 
that dewaters rapidly. 

T or F 12. Softening sludge that contains a ,low percentage of magnesitrm 
hydroxide is more difficult to dewater than one with a higher 
percentage' of magnesium hydroxide. 

T or F 13. Hot lime .softening results in a lower^ hardness, than cold lime, 
softening. . ' - • , 
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The moat common method of dewatering lime sludge is centri- 
fuges. ^ ' * 

The most vndely used test for determining available sodium 
carbonate is^ the R^pid Sugar .testl 

Commercial lime is normally 98% available CaO.' 



